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MULTICARRIER TRANSFER SYSTEM 
AND MLTLTICARRIER MODULATION METHOD 

FIELD OF THE INVENTION 
5 The present invention relates to a luulticarrier transfer 

system applied in the mobile communications system and digital 
broadcast system. More specifically, this invention relates 
to a multicarrier system employing the OFDM (Orthogonal 
Frequency Division Multiplex) /CDMA (Code Division Multiple 
10 Access) modulation system which is a type of multicarrier 
transfer system, and a modulation method for the same. 

BACKGROUND OF THE INVENTION 

A conventional multicarrier transfer system is explained 

15 below. Recently there is a strong tendency for employment of 
a digital modulation system or a digital transfer system for 
transferring video or audio data at a high speed in the fields 
of mobile communications and digital broadcasting. In the 
situation described above, now hot attention is concentrating 

20 on a multicarrier transfer system based on the OFDM/CDMA 
modulation system which is a type of multicarrier transfer 
system. The reasons why this system is attracting hot attention 
is that, there are advantages such that the capability of this 
system for suppression of the frequency-selective fading is 

25 excellent, the frequency diversity effect is obtained when this 




system is used together with the technology for error correction 
coding, it is possible to set a fine frequency interval between 
subcarriers in this system, and this system allows reduction 
in the effects due to inter-code interference because it is 
5 possible to set a guard interval between symbols in this system. 

The OFDM/CDMA modulation system is a technology for 
subjecting a spectrum-spread signal to OFDM modulation. In 
this system a frequency interval is set in such a manner that 
the carriers will be orthogonal to each other within a symbol 

C3 

4i 10 zone. Further, data transfer is executed by changing the 
amplitude and the phase of each carrier. 

Fig. 6 shows an example of an outgoing signal in the 
'"^^ OFDM/CDiyiA modulation system. It is assumed in this figure that 

--f there are eight subcarriers on the frequency axis, and outgoing 

\'i 15 signals transmitted to two different users are multiplexed and 
;j transmitted simultaneously. In Fig. 6, transmitted data 

arrays Dim and D2m in the transmitter are subjected to spread 
modulation with a spread code Cln (n is an integer) and spread 
code C2n (n is an integer) respectively. In other words, the 
20 subcarriers are subjected to spread modulation with spread code 
Cll, C12, C18 and spread code C21, C22, C28 

respectively. The multiplexed signals are then transmitted. 

When a signal having been subjected to spread modulation 
and multiplexing by subcarrier unit passes through a 
25 frequency-selective transfer path in which a delayed wave is 



present, then subcarrier signals corresponding to spread chips 
are received in a state in which each of the subcarriers has 
a different amplitude and a different phase as shown in Fig. 
7, for example. More specifically, S/N ratio of a spread chip 
5 that has been affected by the frequency-selective fading drops. 
The amplitude and the phase of the signal change in association 
with such a drop in the S/N ratio. In this case, a type of 
diversity effect is obtained under influence by the 
frequency-selective fading in each subcarrier. 

10 In the multicarrier transfer system based on the 

conventional technology as described above, the spread code C2n, 
which is originally orthogonal code, is affected by the 
frequency-selective fading in the same way as the spread code 
Cln. Accordingly, the spread codes Cln and C2n having an 

15 amplitude and a phase which are different from the original ones 
are received. As a result, the orthogonality between the spread 
code Cln and the spread code C2n is lost^ which causes an 
interference between the code as well as a degradation in the 
performance . 

20 In the multicarrier transfer system based on the 

conventional technology, to prevent the influence of the 
frequency-selective fading, namely to keep constant the 
amplitude characteristics and phase characteristics of each 
chip, a method of, for instance, reducing a number of spread 

25 chips (namely a number of subcarriers) is available. However, 
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in the method a spread gain is suppressed, and further it is 
required to suppress a number of multiplexed carriers when the 
carriers are subjected to CDMA multiplexing, 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
multicarrier transfer system which makes it possible to provide 
a large number of chips when the OFDM/CDMA modulation system 
is employed in a transfer path where the frequency-selective 
fading occurs, and also which can improve, as the result, the 
spread gain and further can increase a number of multiplexed 
subcarriers also in the CDMA multiplexing. 

According to the multicarrier transfer system according 
to one aspect of the present invention a spread signal 
rearrangement unit is provided which arranges, for instance, 
spread signals for two-chip cycle on a frequency axis, and then 
arranges a spread signals for four chip cycles on a time axis, 
so that a group of spread signals having in all eight chips is 
generated . 

Further, the spread signal rearrangement unit arranges, 
for instance, spread signals for two-chip cycle on the frequency 
axis, and then arranges the spread signals for four chips on 
the time axis, so that a group of spread signals having in all 
eight chips is generated and then the spread signal 
rearrangement unit arranges the group of spread signals at 



randomly on the time axis. 

Further, the spread signal rearrangement unit arranges 
for instance, spread signals for two chip cycles on the 
frequency axis, and then arranges the spread signals for four 
5 chip cycles on the time axis, so that a group of spread signals 
having in all eight chips is generated and the group of spread 
signals is arranged at randomly on the frequency axis. 

Further, the spread signal rearrangement unit divided the 
spread signals into, for instance, four groups each comprising 
10 two spread signals, and arranges these groups within the OFDM 
signal in an interleaved fashion. 

Further, the spread signal rearrangement unit 
selectively transmits an OFDM/CDMA signal suited to a state of 
a transfer path. Further, the spread signal rearrangement unit 
15 can arrange a ratio of spread chips allocated to a frequency 
axis and those to a time axis. 

According to the multicarrier modulation method 
according to another aspect of the present invention a spread 
signal rearrangement step is provided in which, for instance, 
20 spread signals for two-chip cycle are arranged on a frequency 
axis, and then a spread signals for four chip cycles are arranged 
on a time axis, so that a group of spread signals having in all 
eight chips is generated. 

Further, in the spread signal rearrangement step, for 
25 instance, spread signals for two-chip cycle on the frequency 
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axis, and then arranges the spread signals for four chips are 
arranged on the time axis, so that a group of spread signals 
having in all eight chips is generated and then in the spread 
signal rearrangement step the group of spread signals is 
5 arranged at randomly on the time axis. 

Further, in the spread signal rearrangement step, for 
instance, spread signals for two chip cycles are arranged on 
the frequency axis, and spread signals for four chip cycles are 
arranged on a time axis, so that a group of spread signals having 
10 in all eight chips is generated and the group of spread signals 
is arranged at randomly on the frequency axis. 

Further, in the spread signal rearrangement step the 
spread signals are divided into, for instance, four groups each 
comprising two spread signals, and the groups are arranged 
15 within the. OFDM signal in an interleaved fashion. 

Further, in the spread signal rearrangement step, an 
OFDM/CDMA signal suited to a state of a transfer path is 
selectively transmitted. Further, in the spread signal 
rearrangement step, a ratio of spread chips allocated to a 
20 frequency axis and those to a time axis can be arranged. 

Other objects and features of this invention will become 
apparent from the following description with reference to the 
accompanying drawings . 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. lA and Fig. IB show configuration of a miilticarrier 
transfer system in which the OFDM/CDMA modulation system is 
employed; 

Fig. 2 shows a format of an OFDM/CDMA signal according 

to a first embodiment of the present inventions- 
Fig. 3 shows a format of an OFDM/CDMA signal according 

to a second embodiment of the present invention; 

Fig. 4 shows a format of the OFDM/CDMA signal according 

to a third embodiment of the present inventions- 
Fig. 5 shows a format of the OFDM/CDMA signal according 

to a fourth embodiment of the present inventions- 
Fig. 6 shows one example of an outgoing signal in the 

OFDM/CDMA modulation system; and 

Fig. 7 shows one example of an incoming signal affected 

by the frequency-selective fading. 

DES C RIPTION QF THE PREFERREP SMBQPIMENTS 

The multicarrier transfer system and the modulation 
method according to the present invention are described below 
with the help of drawings. However;, this invention is not 
limited only to these embodiments. 

Fig. lA and Fig. 2A show configuration of a multicarrier 
transfer system based on the OFDM/CDMA modulation system. Fig . 
lA shows a configuration of a transmitter, while Fig. IB shows 
a configuration of receiver. An apparatus constituting this 



system may comprise both^ the transmitter and the receiver, or 
may comprise any one, the transmitter or the receiver. 

In Fig. lA, 1 represents a first data spread section, 2 
represents a second data spread section, 3 represents a combiner, 
5 4 represents a serial /parallel converter (hereinafter, S/P 
converter) , 5 represents an inverse fast Fourier transform 
section (hereinafter, IFFT section) , 6 represents a guard 
interval appending section (hereinafter, GI appending section) , 
and 7 represents a digital/analog converter (hereinafter, D/A 

10 converter) . On the other hand, in Fig. IB, 10 represents an 
analog/digital converter (hereinafter, A/D converter) , 11 
represents a guard interval removal section (hereinafter, GI 
removal section) , 12 represents a fast Fourier transform 
section (hereinafter, FFT section) , 13 represents a 

15 parallel/serial converter (hereinafter, P/S converter) , and 14 
represents a data inverse spread section. 

Operations of the transmitter and receiver are explained 
below. The transmitter spreads a transmission data array Dim 
shown in Fig. lA using a known spread code Cln in the first data 

20 spread section 1. Furthermore, the transmitter spreads a 
transmission data array D2m, to be transmitted to other user, 
using a known spread code C2n in the second data spread section 
2. The two outputs are combined in the combiner 3. It is 
assumed in this embodiment that the spread code Cln and spread 

25 code C2n are orthogonal to each other. 



The signal output from the combiner 3 is converted from 
a serial signal to a parallel signal in the S/P converter 4, 
The obtained parallel signal is then transformed into a time 
axis waveform by the application of the inverse fast Fourier 
transformation in the IFFT section 5. A guard interval is 
appended to the signal output from the IFFT section 5 in the 
GI appending section 6 so as to obtain a digital OFDM signal. 
Finally, the digital OFDM signal is converted by the D/A 
converter 7 into an analog signal, and the analog OFDM signal 
is transmitted to the receiver as transmission signal. In the 
following description, this transmission signal will be 
referred to as OFDM/CDMA signal. The guard interval signal is 
a signal which is set in order to incorporate the influence of 
a delay signal generated due to a reflected signal from the 
buildings or the like. The guard interval signal is commonly 
used in the OFDM modulation signal. 

The receiver receives the OFDM/CDMA signal. The A/D 
converter 10 in the receiver converts the received analog 
OFDM/CDMA signal into a digital signal with. The guard interval 
is removed in the GI removal section 11. The signal, from which 
the guard interval has been removed, is subjected to fast 
Fourier transformation in the FFT section 12 so that the time 
axis waveform is converted to a frequency axis waveform. The 
parallel signal output from the FFT section 12 is then converted 
into a serial signal in the P/S converter 13. The serial signal 




is then provided to the data inverse spread section 14. 

For instance, when spread code for the target user is Cln, 
the data inverse spread section 14 multiplies the spread code 
Cln specific to the target user to the received serial signal - 
5 Accordingly the transmission data array Dim is regenerated in 
the data inverse spread section 14. The simultaneously 
received data array D2m spread with the spread code C2m. is 
removed due to mutual orthogonality between the spread code Cln 
and spread code C2n. Further, influence of a delayed wave 
10 caused due to the reflection from the buildings or the like is 
removed because of removal of the guard interval from the OFDM 
signal . 

The multicarrier transfer system described above in 
general case transmits the OFDM/CDMA signal so as to spread one 
15 block of data over a plurality of subcarriers on a frequency 
axis as shown in Fig. 6 and Fig. 7. In this method, however, 
when the signal passes through a transfer path in which the 
frequency-selective fading is taking place, a data error occurs 
in a subcarrier corresponding to a frequency affected by the 
20 frequency-selective fading. The error is generated all the 
time in the particular data transferred using this subcarrier. 

In the multicarrier modulation method according to the 
present embodiment, influence of the frequency-selective 
fading is reduced by changing the arrangement of the data during 
25 the generation of the OFDM/CDMA signal. Fig. 2 shows a format 
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of the OFDM/CDMA signal in this embodiment. A spread signal 
of the transmission data array is arranged two-dimensionally 
on a frequency and time axes system. The area surrounded by 
a solid line in this figure indicates one data array. In other 
5 words, the area surrounded by the solid line is a data array 
comprising eight subcarriers which has been explained with 
reference to Fig. 6. The area surrounded by the solid line is 
described as frequency pair group hereinafter. Frequency pair 
groups are regularly allocated in spread chips shown in the 

10 figure, and spread signals spread with the spread code Cln and 
C2n are multiplexed in each chip (C11/C21, C12/C22, •••). 

This embodiment is a case where, for instance, signals 
for two chip cycles spread in the first data spread section 1 
and second data spread section 2 are arranged on a frequency 

15 axis in the S/P converter 4, and further spread signals for four 
cycles are arranged on a time axis. In all eight spread signals 
are arranged. By executing the processing as described above, 
as compared to a case where spread signals for eight chip cycles 
are simply arranged on a frequency axis like in the conventional 

20 technology, influence of the frequency-selective fading can be 
reduced to a quarter of the original influence level. Namely, 
assuming that there are eight subcarriers, one chip out of eight 
chips (one data array) is always affected by the frequency- 
selective fading in the conventional technology, however not 

25 more than one of four data arrays is affected by the 




frequency-selective fading in this embodiment. 

Thus, signal to noise ratio is improved according to this 
embodiment- Accordingly^ a number of spread chips can be 
increased as compared to that in the conventional technology, 
5 in addition, a larger spread gain can be obtained. Further, 
a number of carriers in the CDMA multiplexing can be increased 
as compared to that allowable in the conventional technology. 

Fig. 3 shows a format of the OFDM/CDMA signal according 
to the second embodiment of the present invention. 
10 Configuration of the multicarrier transfer system according to 
^! the second embodiment is the same as that shown in Fig. lA and 

1=^ Fig. IB. Therefore, explanation of the configuration of the 

multicarrier transfer system according to the second embodiment 
"^i will be omitted. Only the portions that are different from the 

jj? 15 first embodiment will be explained here . 

In the first embodiment, a case is explained in which 
groups of spread signals spread with a pair of different 
frequencies are two-dimensionally arranged on the frequency and 
time axes system with a regularity. However, if the spread 
20 signals are arranged with a regularity, when the same data is 
transmitted in succession, for instance, the combined signal 
becomes the same. Thus, there is a disadvantage that the 
transmission waveform and transmission spectrum will be the 
same . 

25 To overcome this problem, in this second embodiment, for 
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instance signals spread in the first data spread section 1 and 
second data spread section 2 for two chip cycles are arranged 
on the frequency axis in the S/P converter 4, and then spread 
signals for four chip cycles are arranged on the time axis, so 
that a group of spread signals having in all eight chips is 
generated. Further, arrangement of the spread signals 
corresponding to the generated frequency pair groups is shifted 
on the time axis to generate an OFDM/CDMA signal. 

Because of the above arrangement, even if the same signal 
is transmitted in succession, the combined signal changes due 
to the shift effect on the time axis. Therefore, the 
transmission spectrum will not be the same, and in association 
with this phenomenon the same effect as that achieved by the 
scramble processing can be obtained. 

Fig. 4 shows a format of the OFDM/CDMA signal according 
to a third embodiment of the present invention. Configuration 
of the multicarrier transfer system according to the third 
embodiment is the same as that shown in Fig. lA and Fig. IB. 
Therefore, explanation of the configuration of the multicarrier 
transfer system according to the third embodiment will be 
omitted. Only the portions that are different from the first 
and second embodiment will be explained here. 

In the first embodiment, a case is explained in which 
groups of spread signals spread with a pair of different 
frequencies are two-dimensionally arranged on the frequency and 




time axes system with a regularity. However, if the spread 
signals are arranged with a regularity, when there occurs the 
influence of the frequency-selective fading, the influence 
continues . In other words, when an array of signals spread with 
5 the spread signal in Fig. lA is affected by the frequency- 
selective fading, other arrays of signals spread with the spread 
code Cll are also affected by the frequency-selective fading, 
which may cause a data error. 

To overcome this problem, in this third embodiment, for 
^^1^" 10 instance, signals for two chip cycles spread in the first data 
spread section 1 and second data spread section 2 are arranged 
g=l by the S/P converter 4 on the frequency axis, and then spread 

^ signals for four chip cycles are arranged on the time axis, so 

jz that a frequency pair group having in all eight chips is 

yi 15 generated. Further, arrangement of the spread signals 

tat ff 

Cj corresponding to the generated frequency pair group on the 

frequency axis is shifted to generate an OFDM/CDMA signal. 

Because of the above arrangement, even if there occurs 
the influence of frequency-selective fading, the influence can 
20 be diffused over a wide area. 

Fig. 5 shows a format of the OFDM/CDMA signal according 
to the fourth embodiment of the present invention. 
Configuration of the multicarrier transfer system according to 
the third embodiment is the same as that shown in Fig. lA and 
25 Fig. IB. Therefore, explanation of the configuration of the 
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multicarrier transfer system according to the third embodiment 
will be omitted. Only the portions that are different from the 
first, second and third embodiment will be explained here. 

The fourth embodiment is a case where spread chips are 
5 arranged on a frequency axis and a time axis so that influence 
of frequency-selective fading can be reduced and further the 
interleave effect can be obtained. In this embodiment, spread 
signals are divided, for instance, into four groups each 
comprising those for two chips in a spread signal rearrangement 
-J3 10 step, and the groups are arranged within an OFDM signal for 
Ul • affecting interleave . 

In the receiver, the inverse spread processing (partially 
'^^ inverse spread processing) is executed for each group . Namely, 

^ the partially relative processing can be executed. In the 

::f 15 receiver, then by using a signal subjected to this partially 
relative processing, such processing as determination on 
majority or maximum ratio synthesis processing is executed to 
obtain final demodulated data. 

As described above, in this embodiment, offset of 
20 amplitude characteristics and phase characteristics due to the 
frequency-selective fading is confined within each group, and 
further the same demodulated data as those obtained by 
increasing a number of spread chips can be obtained. Further, 
in the inverse spread processing in a receiver, the interleave 
25 effect can be obtained, and the performance for communications 



can further be improved. 

In the fifth embodiment, the S/P converter 4 has all the 
functions of the S/P converter 4 according to the first to fourth 
embodiments, and an OFDM/CDMA signal that is the best for the 
present state of the transfer path is selectively transmitted 
using the proper function. Further, by making it possible to 
change a ratio of spread chips allocated on a frequency axis 
vs those allocated on a time axis in response to a state of a 
transfer path, the present invention can easily be applied to 
a transfer path affected by a transfer path in which the 
frequency-selective fading occurs, or to a transfer path in 
which a time-related change is large. 

Because of the features described above, all of the 
OFDM/CDMA signals described above can be realized, and all of 
the effects described above can be realized. 

As described above, according to the multicarrier 
transfer system of the present invention, a spread signal 
rearrangement unit is provided which arranges, for instance, 
spread signals for two-chip cycle on a frequency axis, and then 
arranges a spread signals for four chip cycles on a time axis, 
so that a group of spread signals having in all eight chips is 
generated. With this configuration, as compared to a case where 
spread signals for eight chips are simply arranged on a 
frequency axis like in the conventional technology, it is 
possible to suppress influence of the frequency-selective 



fading to a quarter. Further as the S/N ratio is improved, it 
is possible to increase a number of spread chips as compared 
to that in the conventional technology, and to realize a larger 
spread gain. Further, it is possible to increase also a number 
of spread signals in the CDMA multiplexing as compared to that 
in the conventional technology. 

Further, the spread signal rearrangement unit arranges, 
for instance, spread signals for two-chip cycle on the frequency 
axis, and then arranges the spread signals for four chips on 
the time axis, so that a group of spread signals having in all 
eight chips is generated and then the spread signal 
rearrangement unit arranges the group of spread signals at 
randomly on the time axis. With this configuration, even when 
the same data is transmitted, a combined signal fluctuates due 
to the shift effect on the time axis with the transmission 
spectrum not kept constant. Consequently, the same effect like 
that when the scramble processing is executed can be obtained. 

Further, the spread signal rearrangement unit arranges 
for instance, spread signals for two chip cycles on the 
frequency axis, and then arranges the spread signals for four 
chip cycles on the time axis, so that a group of spread signals 
having in all eight chips is generated and the group of spread 
signals is arranged at randomly on the frequency axis. With 
this configuration, even if an influence of the frequency- 
selective fading is present, the influence can be diffused over 



a wide area. 

Further, the spread signal rearrangement unit divided the 
spread signals into, for instance, four groups each comprising 
two spread signals, and arranges these groups within the OFDM 
5 signal in an interleaved fashion. Accordingly, influence of 
the frequency-selective fading can be reduced, and further the 
interleave effect can be obtained. 

Further, the spread signal rearrangement unit 
selectively transmits an OFDM/CDMA signal suited to a state of 
4i 10 a transfer path. Further, the spread signal rearrangement unit 
Ul can arrange a ratio of spread chips allocated to a frequency 

axis and those to a time axis. Because of this feature, the 
multicarrier transfer system can easily be applied to a transfer 
path which is easily affected by a frequency-selective fading 
15 transfer path or a transfer path with a large time-related 

'zt fluctuation. 

ri 

According to the multicarrier modulation method of the 
present invention, a spread signal rearrangement step is 
provided in which, for instance, spread signals for two-chip 

20 cycle are arranged on a frequency axis, and then a spread signals 
for four chip cycles are arranged on a time axis, so that a group 
of spread signals having in all eight chips is generated. With 
this configuration, as compared to a case where spread signals 
for eight chips are simply arranged on a frequency axis like 

25 in the conventional technology, it is possible to suppress 
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influence of the frequency-selective fading to a quarter. 
Further as the S/N ratio is improved, it is possible to increase 
a number of spread chips as coinpared to that in the conventional 
technology, and to realize a larger spread gain. Further, it 
5 is possible to increase also a number of spread signals in the 
CDMA multiplexing as compared to that in the conventional 
technology. 

Further, in the spread signal rearrangement step, for 
instance, spread signals for two-chip cycle on the frequency 

10 axis, and then arranges the spread signals for four chips are 
arranged on the time axis, so that a group of spread signals 
having in all eight chips is generated and then in the spread 
signal rearrangement step the group of spread signals is 
arranged at randomly on the time axis . With this configuration, 

15 even when the same data is transmitted, a combined signal 
fluctuates due to the shift effect on the time axis with the 
transmission spectrum not kept constant- Consequently, the 
same effect like that when the scramble processing is executed 
can be obtained. 

20 Further, in the spread signal rearrangement step, for 

instance, spread signals for two chip cycles are arranged on 
the frequency axis, and spread signals for four chip cycles are 
arranged on a time axis, so that a group of spread signals having 
in all eight chips is generated and the group of spread signals 

25 is arranged at randomly on the frequency axis. With this 
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configuration, even if an influence of the frequency-selective 
fading is present, the influence can be diffused over a wide 
area . 

Further, in the spread signal rearrangement step the 
5 spread signals are divided into, for instance, four groups each 
comprising two spread signals, and the groups are arranged 
within the OFDM signal in an interleaved fashion. Thus, 
influence of the frequency-selective fading can be reduced, and 
the interleave effect can be obtained. 

10 Further, in the spread signal rearrangement step, an 

OFDM/CDMA signal suited to a state of a transfer path is 
selectively transmitted. Further, in the spread signal 
rearrangement step, a ratio of spread chips allocated to a 
frequency axis and those to a time axis can be arranged . Because 

15 of this feature, the multicarrier transfer system can easily 
be applied to a transfer path which is easily affected by a 
frequency-selective fading transfer path or a transfer path 
with a large time-related fluctuation. 

Although the invention has been described with respect 

20 to a specific embodiment for a complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 
fairly fall within the basic teaching herein set forth. 



20 



